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5«£%ro««i. Cancer cells that overexoress c-erbB onco- 
genes exhibit resistance to chemotherapy, enhanced hj- 
inoagenicity, as well as increased propensity for metas- 
tasis. The aim of this study was to investigate if depletion 
■ o. erbB-l/EGFR and erbB-2/KEIUneai oncogene prod^s 
by 17-aUylamino 17-demethoxy Geldanamycin (17AAG AJ 
could diminish the metastatic potential of non-small c -ll 
ung cancer (NSCLC) cells that express varying levels of 
me eroBl/erbB2 oncogenes. ^ 

Methods. NSCLC cell lines (H460, H3SS, H322, or H661) 
were assayed for expression of erbBl and erbBl, the cell- 
adnesion molecule E-cadherin, secretion of the matrix 
meialloproieinase 9 (MMP-9), and vascular' endothelial " 
cell growth factor (VEGF), as well as theL- ability to 
invade Matrigel after 4S-hour exposure to 17AAG A* 

Results. 17AAGA significantly depleted erbBl or 
erbB2 levels in NSCLC cells expressing high levels of 



ttr^T' inhibited theL- growth 

wnn IC 50 val-ues ranging from 50 to 20 nmol/L. Moreover 
drug -"bnenr enhanced E-cadherin expression in H3a 
and H„8 cells, and inhibited secretion of MMP-9 and 
V.GF secretin by rumor cells. 17AAGA diminished 
hypoxia-mcucsd upregulation of VEGF exur-ssion as 
well as growth factor-mediated augmentation of MMP => 
BB T£% profourldl y inhibited the ability of H3" ' 
and H,=S cells to migrate through Matrigel in respons- to" 
chemoattractants. ^ 

Conclusion. In addition to its known antiproliferative 
and chemosensitization effects, 17AAGA inhibits the 
metastatic phenotype of lung cancer cells. 17AAGA. may 
pe a novel pharmacologic agent for specific molecular 
intervention m lung cancer patients. 
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T)atients with non-small cell lung cancer (NSCLC) 
~~ &e?no»fly present with either locally advanced 
(stage HLA./B) or systemic disease (stage IV). The overall 
prognosis for these individuals is very poor, with th» 
median survival less than 9 to 12 months' despite' an 
aggressive combination of chemo and radiotherapy. 
More importantly; the main mode of treatment failur° 
after curative-intent therapy for early-stage NSCLC is 
systemic metastasis [1]. Acknowledging the fact fta* " 
mature data of phase II/III clinical trials addressing the 
values of adjuvant chemotherapy for completely resert-d 
early-stage NSCLC are still forthcoming, there is no 
evidence that adjuvant therapy has any impact on the 
outcome of surgically treated NSCLC [2]. Mi'cromeiasia- 
ses derived from lung cancers may have low proliferative 
activity, rendering them insensitive to standard cytotoxic 
agents. Hence, there is an urgent need for novel antineo- 
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plastic agents .that exhibit strong antiproliferative effects 
as well as a capacity to inhibit the metastatic potential of 
tumor cells. . ^ ™ 

Solid tumor metastases arise by a mulSist-p P roc«- 
regulated by complex interactions between turrior cell's 
and acjacent stromal tissues [3). In association with 
akered expression of adhesion molecules such ? s'E- 
cadhenn, cells detach from the main rumor mass and' 
migrate through the extracellular matrix, degraded by 
tumor-denved matrix rnetalloproteinases (MMPs) iJti 
dissemination, cells exit from the vasculature and estab- 
lish metastatic deposits, facilitated by the expression of 
mtegnn or hyaluronate (CD44) receptors, and the s»cre- 
bon or angiogenesis factors such as vascular endothelial 
cell growth factor (VEGF). 

Experimental and clinical data have indi<-ar=d th-t 
overexpression of erbBl and erbB2 protooncogenes - n - 
coaing the epidermal growth factor receptor (EGFR) and 
tne orphan receptor (KERZ'neu), respectively, correlates 

™ ^ aaVan " d diseass ' metastases, and 

dunimsnea survival m patients with breast lung, esoph- 
ageal and ovarian carcinomas [4-7]. Tumor cxkov4~- 
pressmg these protooncogenes exhibit one' ormo- p ),.. 
no.ypes correlating with enhanced metastatic potential 

OO03^=/5/O0/S20 00 
Pil SOO03-4973(0O)GiriC-5 



XT-V";TX zZ Al 

:^~."„*-CN C-? AST.-— ?K£XOTY?H ?v-. ; , Gi A-- Tr.rrs: 3 — 



including dow, regulation of E-cadherin expression, in- 
creased secretion of MMP-9 and VEGF, and accelerated 
invasion through extracellular matrix [3-10]. Therapeutic 
strains that specifically target erbB should inhibit 
mitogenic signaling via erbBl and erb32 pathways and 
^.ay reduce the proliferation and metastatic potential of 
cancer cells; indeed, treatment of cells overexposing the 
erhBl or erb32-gene products with antagonistic mono- 
clonal antibodies significantly inhibits their metastatic 
phenotype [10, Hj. 

ihe benzoquinone ansaznycin antibiotic geldanamvcin 
(GA) and its less toxic s)>nthetic derivative, 17- aUylamino 
17-dememoxygeldanamycin (17AAGA), have been re- 
cently selected for clinical development at the National 
Cancer Institute based upon their activity against cell 
lines derived from a variety of human malignancies [12, 
13]. The growth inhibitor)' effects of geldanamycin and 
17AAGA -appear related to their ability to inhibit the" 
expression of several cellular' oncoproteins, including 
erhBl and erb32 [13]. In the present study, we sought to 
evaluate if 17AAGA could modulate the metastatic po- 
tential of lung cancer cells oyerexp res sing the erhBl and 
erbB2 gene products. Herein, we demonstrate that ^eat- 
ment of NSCLC cells with 17AAGA results in significant 
reduction of erbBl or erbB2 expression, profound inhibi- 
tion of cell proliferation, upregulation of E-cadherin 
expression, and downregulation of VEGF and MMP-9 
secretion, paralleling with dLminished capacity to invade 
extracellular matrix in vitro. 

Material and Methods 
Cells and Reagent's 

The NSCLC ceRs H4S0, K358, H661, and H322 were 
purchased from ATCC (Manassas, VA), and were grown 
m RPMI-1640 medium supplemented with ghitamine 
(1 rnmol/L), penicillin (100 U/mL)/streptomycin 
(100 fig/mL), and 10% fetal bovine serum (FBS) (all 
purchased from Biofluids, Rockvflle, MD). Normal hu- 
man bronchial epithelial (NKBE) cells were purchased 
from Clonetics, Inc (WalkerviHe, MD) and maintained in 
bronchial epithelial cell basal media (Clonetics, Inc). 
17AAGA was obtained from the Drug Synthesis and 
Chemistry Branch, Developmental Therapeutics Pro- 
gram, Division of Cancer Treatment, National Cancer 
Institute, and dissolved in' dimethyl sulfoxide to yield a 
100 /imol/L stock solution, which was stored at ^70°C 
All experiments using this compound were performed 
under subdued lighting conditions. Recombinant human 
epidermal growth factor (EGF) and heregulin-cr (HRG) 
(purchased from R&D, Minneapolis, MN), and the anti- 
erhBl and anti-erbB2 monoclonal antibodies (purchased 
from Calbioch em/Oncogen e Research Products, Cam- 
bridge, MA), were constituted in phosphate-bufered 
saline (PBS), and stored at 4°C as recommended by the 
manufacturers. The E-cadherin antibody was obtained 
from ICN Biomedicals, Inc (Aurora, OH). 



hmn-iinofiuorescerd Staining mid Flora Cviorn^c 
Analysis of erbBl, erbBl, and E-caakerbi 
Expression of erbBl, erbB2, and E-cadherin in NSCF C 
cell lines was quantised by flow cytometry un.™ a 
oecton-Dickinson (San Jose, CA) fluorescence'-acuva^d 
cell sorter (r-ACS). Ln brief, cells grown in either normal 
media with or without 17AAGA were harvested by ^yt>- 
sm/EDTA. lo prevent proteolysis of surface adh-sion 
molecules, cells harvested for E-cadherin stainin- w-r- 
treated with 0.01% crystallized trypsin in the preseWof 
1 mmol/L of calcium, then washed Ln Ca/Mg-free PBS.' 
Single-cell suspensions were incubated with either anti- 
erbBl, anti-erbB2, or anti-E-cadherin monoclonal anti- 
bodies ror 60 minutes at room temperature. Cells w-re 
then washed with PBS, and incubated with fluor^sc-n* 
isothiocyanate (Hi C) -conjugated goat anti-mouse I*G 
antibody at room temperature for 60 minutes in the dark 
-An irrelevant mouse IgC isotype monoclonal antibody 
was used as a negative control. for FACS analysis A. 
minimum of 10* cells -were analyzed by FACS flow 
cytometry. The magnitude of surface expression of th-se 
proteins was indicated by the mean fluorescence inten- 
sity (MEI) of positively stained cells. The MET of isotvpe 
IgG control samples was always less than 10. 

In Sim Irnmunofluoresceni Staining of E-cadherin 
Cells were cultured in chamber slides (Nal^e Nunc 
International Corp, Naperville, IL) until 80% conflux 
washed with PBS, fixed with 1% paraformaldehyde for 10 
minutes, and permeabflized with acetone for 5 minute 
Immunofluorescent staining for E-cadherin was per- 
formed similar to that described for flow cytometry. 
Slides were examined under the fluorescence micro- 
scope. Fluorescent photomicrographs were taken at200X " 
magnification. 

MMP-9 Assay 

Cells were grown to confluence in six-well plates, washed 
twice with PBS, and then incubated with 2 mL of £r»sh 
serum-free RPMI-1640 medium. In the 17AAGA treat- 
ment group, cells were replenished with media contain- 
ing either 20 or 80 nrnol/L of 17AAGA. .After 43 hours of 
incubation, conditioned media were harvested and fro- 
zen at -70'C until assayed for MMP-9 expression usine 
an enzyme-linked immunosorbent assay (ELISA) kit 
(Calbiochem/Oncogene Research Products, Camhrid<~ 
MA). Cells from each well were collected, and total 
cellular protein was assayed by bicmcfioninic acid (BC4) 
technique (Pierce, Rockford, IL). MMP-9 levels in ft-, 
conditioned media were expressed as pg/mL/24 h/m* of 
total cellular protein. ° 



VEGF Assay 

Cells were grown to S0% confluence in 24-well olat-s 
washed once with PBS, and replenished with 2 mL of 
fresh RPMI-1540 alone or containing either 50 ^mol/T c - * 
100 ^mol/L Cobalt Chloride (CoClJ to simulate hypoxia 
[i4J. In the 17AAGA treatment groups, ao ? rooriaV ali- 
quots of 100X 17AAGA stock were added to the culture 
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media to yield a final concentration of SO nmol/L. After 
43-hour incubation, conditioned media were harvested 
and frozen at -70°C until assayed.for VEGR VEGF levels 
in -the conditioned media were evaluated using an ELISA 
kit (R&D) and expressed as ng/mL/24 h/10 6 cells. 

Matrigel Invasion Assay 

The chemoinvasion assay was performed as previously 
described [15]. Briefly, polyvinylpyrrolidone-free poly- 
carbonate niters (10-^m pore size; Neuroprobe, Gaith- 
ersburg, MD) coated with 500 ^g/mL of Englebreth- 
Hohn-Swann murine sarcoma basement membrane 
extract (Matrigel; Sigma Chemical Co, St. Louis, MO) 
- were placed in a modified Boy den chamber (Neuroprobe, 
Gaithersburg, MD). Matrigel was diluted to the desired 
final concentration using cold (4°C) serum-free. RPMI- 
1640 media. Filters were then placed in 15 mL of 500- 
ttg/rziL Matrigel in 100 x. I5-mm Petri dishes and rotated 
at 45 rpm overnight at 4°C Filters were air dried under a 
sterile hood immediately before use. Cells (6 X 10 5 /mL) 
were suspended in serum-free RPMI and added to the 
upper chamber (30,000 cells/well). The lower chamber 
contained serum-tree conditioned media from cultures of 
NIH 3X3 cells as a chemcattractant. Chambers were 
incubated at37°C in 5% CO, for 6 hours. At the end of the 
incubation, cells on the upper surface of the filter were 
aspirated of and the filters' were fixed in methanol and 
stain ed-with Dut-Quik R, a Wright-Geimsa stain (Baxter, 
McGaw Park, IL). Cells that had invaded the lower 
s^face of the fUter were counted by light microscopy and 
data were expressed as cells/5 hieh-nower 'f^e'ds 
(HPF)/welI. " * 



. Data Analysis 
Data are expressed as means ± standard deviation (SD) 
Student's £ test and one-way analysis of variance (with 
Bonferroni test for pairwise comparisons) were used for 
statistical analysis using Prism 2.0 software package from 
Graphpad Software, Inc (San Diego, CA). • ° 

Results 

Constitutive Expression' of erbBl and *rbB2 in ± 
NSCLC Cells Lines ' 

The NSCLC cell lines used in this -study express different 
. levels of erbBi and erhB2 surface receptors as d-t«r- 
mined by flow cytometric analysis (Fig 1A). In compari- 
son with the receptor levels expressed rn confluent 
NHBE, K4o0 cells express low levels of both erbBl and 
eroB2; H661 and H358 cells express high levels of erhB? 
but^not erbBl, whereas K322 cells overexpress both 
erbBl and erbBZ Forty-eight-hour exposure of these c-lls 
to 80 nmol/L 17AAGA resulted m significant reduction of 
sunace expression of erbBl or erbB2 in cells exhibiting 
elevated levels of these receptors. In parallel with inhi- 
bition of erbBl or erbB2 expression, continuous exposure • 
of these cells to 17AAGA for 96 hours resulted in a 
dose-dependent inhibition of cell proliferation, with es- 
timated IC 50 (concentrations of drug that inhibit 50% of 
cell proliferation) values ranging from 50 to 90 nmol/L 
(Fig IB). 

Uprsfulanon of 'E-Caaksrin by 17AAGA 
expression of the calcium-dependent epithelial cell ad- 
hesion molecule E-cadherin was readily detectable bv 
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flow cytometry in NKBE, H3Z2, and H358 cells and not in 
H460 otH661 cells; resets that were consistent with previ- 
ously published data concerning E-cadherin ext-r^sicr. in 
these cells [11]. The mean fluorescence intensity of E- 
cadherin in H322 and H358 cells increased 13- to -J-fold 
after treatment with 17AAGA (80 nmol/L for 48 hours) (H- 
'' ^ Percentages of positively stained cells also in- 
creased significantly after 17AAGA treatment in th»se c»E 
lines (63% ± 13% and 58% ± 10% of 17AAGA-treated cells 
vs 47% ± 7% and 38% ± S% of untreated H358 and FJ522 

oS'f ^°'° 5 ^ T = r ^ eCfci ^- N ° -Pregdation 
o, jus adhesion molecule was noted in H460 and H661 cells. 
AJtnough diffuse q'toplasmic staining for E-cadherin was 
noted both in control and 17AAGA-treated cells intense 
fluorescence indicating localization of E-cadherin to the cell 
membrane was only observed in treated K358 and H322 
cells. No such membrane localization was noted in K^SO or 
H661 cells after 17.AA.GA treatment (Fig 2B). 

Dowmegiilaiion qfMMP-9 Secretion ■ 
Continuous exposure of NSCLC ceUs to eith=r 20 or 80 
nmol/L of 17AAGA significantly inhibited MMP-9 secre- 
tion in a dose-dependent manner, with an overall r=duc- 
uon of up to 50% relative to baseline control levels (H» 
oA). Moreover, incubation of K35S and K322 c°l!s which 
express high levels of both erbBl and erbB2 receptors 
witn agonistic recombinant human EGF or here-ulin- 
augmented secretion of MMP-9 by 35% to 50% relative to 
baseline. 17AAGA treatment completely blocked ligand- 
mediated upregulation of MMP-9 production in' "th-se 
two cell lines (Fig 3B). 

Suppression of VEGF Secretion by 17A.A-GA 
NSCLC cells differed widely in their ability to secret- 
VcGr into the culture media. Values ranged from ap- 



proximately 1,000 ?g/rnL/24h/10 6 cells (H^60 H32?) to as 
mgh as 15,000 pg/mL/24 h/10« cells (H358) p» 
Cobalt chloride (CoQJ, which simulates hyja£°j£ 
nons by inhering with cellular oxygen sensing mecha- 
• rasms [ML induced .significant upregulation of VT G P 
secretion (rig 4A). Foriy-eight-hour exposure to 17AAGA. 
(SO nmol/L) significantly suppressed basal VEGF secre- 
tion m cultured lung cancer cells, with the magnitude of 
inhibition ranging from 10% to 50%. Furthermore 
,V^4 GA su ?P""ed hypoxia-induced upregulation of 
secretion; tne magnitude of inhibition in treat-d 
cells ranged from 30% to 45% relative to untreated 
nypoxic cells. To confirm these findings, cells w»re 
incubated in a hypoxic chamber (95% N 2 and 5% O,) As 
expected, profound augmentation of VEGF secretion 
was noted in response to hypoxia, which could be 
effectively mnibited by 17AAGA (either 80 or ISO nmol/L) 
in a dose-dependent manner in all cell lines examine 
(Fig 4B). 

Inhibition ofMatrigel Membrane Invasion 
The ability of cancer cells to migrate through th° ariiS~al 
extracellular matrix membrane, MatrigeL frequently corr- 
■ates with their invasiveness in vivo [16]. Forty-eight-hour 
■ exposure to 17AAGA (SO nmol/L) significantly inhibit^ ft. 
ability of H322 and K353 ceUs to migrate through Ma'trigel? 
i«s mhrbitory efe-ct of 17AACA was profound in H322 
cells, wia up to a S0% reduction in the number of c=Ds 
mvadmg through the membrane (109 ± 28 cells/5 HPFof 
17.AAGA-treated cells vs 293 ± 42 ceDs/5 KPF in untr-aVd 
control ceUs; p < 0.001) (Fig 5). 17AAGA inhibit^ the 
mvanveness of H3S3 cells by approximately 40% (116 ± S 
cells/o rtPF of 17AAG A-s-eat ed cells vs 190 = \± c »i] 3 /5 HPF 
of control cells; p < 0.01). 
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Comment 

Better appreciation of the genetic and epigenetic fac- 
-ors mat govern malignant transformation and m°tas- 
*a.sis mzy facilitate the development of more specific 
anncancer therapies.- In addition to the development of 
drugs that specifically target the cell cycle machinery 



conadszarfe efforts have been focused on the evalua- 
tion of novel wologjc or pharmacologic agents that 
suppress tumor growth or invasion by inhibits n»o- 
angaogenesxs or matrix metalloprotease' activity Acti- 
vation or eroB protooncogenes profoundly disrupts c-11 
cycle regulation [17], and enhances the expression ol 
pro-metastasis" phenotypes, namely decreased E 
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ffc 5. IrSruntonofEZl and H358 cell i^sion through Matrigel 
szposuri of celh to SO nmol/L UAAGAfor 48 hours reduced ih*ir 
i^nsion poienEai by 25% to 50% of zhai of normal cells. Data are 
mean? ± >D; each independent experiment was don: £s quadrxpK- 
caie Cp < 0.0Q5, "*p < 0.05). 



cadherin expression, increased VEGF and MMP = - 
tion, as well as increased invasion through Matrigel 
[8-10]. These experimental results correlate closely 
- . with observations regarding c-erbB overexpression 
and aggressive clinical behavior of soHd tumors [4-7], 
These data provide the rationale for the development 
of treatment strategies specifically designed to abro- 
gate expression or function of the c-erbB signal trans- 
duction pathways. Antagonistic anti-erbBl,and anti- 
erbB2 monoclonal antibodies, although not always 
effectively inhibiting rumor cell proliferation, have 
been shown to significantly upregulate E-cadherin 
expression, diminish VEGF and MMPs secretion, and 
reduce chemotaxis through extracellular matrix in vitro 
[10, 11]. Whereas these monoclonal antibodies may 
have limited clinical use from technical issues pertain- 
ing to delivery of macromolecules to tumor cells, 
low-molecular weight compounds such as 17AAGA 
that specifically inhibit erbB -mediated signal transduc- 
tion pathways at nanomolar concentrations are- of 
particular relevance. 

In the present study,, we sought to investigate the 
ability of 17AAGA to modulate expression of E-cadherin 
MMP-9, and VfcGE, each of which has been implicated in' 
regulation of metastatic potential in tumor cells. The 
initial step of invasion and, metastasis is the dissociation 
or cancer cells from the primary tumor mass resulting 
from aberrant expression of a variety of cell surface 
adhesion molecules, including integrin, immunoglobu- 
hns, secretins, and cadherins; the cadherins appear to be 
critical regulators of this process [13]. Cadherins are 
calaum-dependent transmembrane glycoproteins that 
mediate hemophilic adhesion between cells. E-cadherin 
plays an important role in maintaining integrity of epi- 
iheRzi tissue; decreased E-c?.dh erin expression or func- 
tion correlates with tumor dedir/.eren nation, increased 



invasiveness, and lymph node metastases in a numb- ©f 
numan carcmornas including hong, breast, esopha«m« 
and prostate [15, IS]: E-cadherin has been referred to as' 
an "anbmetastasis" adhesion molecule, because th- hd*h 
propensity for metastasis formation in E-cadhe4- 
negaave.ceils can be reversed by restoration o? exo-^s- 
sion of this adhesion molecule [19]. Previous studies hav- 
indicated an inverse relationship between erbB! actua- 
tion and E-cadherin expression in squamous ceil canc- s 
of skin and esophagus, as well as breast carcinomas fn 
20]. Upregulation of E-cadherin expression and inhibit 
tion or chemotaxis has been observed in H322 ceUs airer 
exposure to an antagonistic monoclonal antibody di- 
rected against the erbBl receptor [11]. 

MMPs are enzymes secreted by normal as well as 
cancer cells that degrade extracellular matrix and in- 
fluence cell motility, tissue implantation, arid anrio- 
genesis. Considerable evidence indicates that MMP 
expression is increased in cancers relative to adjacent 
normal tissue, and levels of MM? expression correlate 
with tumor invasiveness and distant metastases pi] 
There exist at least 10 isoforms of these proteases, each 
oi which has unique substrate specincity. Secretion of 
MMPs is related by growth factors, some of which 
£ CrbBl ° r €rbB2 ^oS^c pathways. Inhibition 
01 MMF activit y £ithsr h Y recombinant tissue inhibitor 
of MMP or pharmacologic agents such as batimastat or 
manmasta-t decreases tumor growth, invasion, and 
metastasis in vivo [21]. More interestingly, reduction of 
MM? levels or inhibition of MM? activitv has also 
been snown to suppress angiogenesis in vitro and in 
vivo [21]. 

Tumors smaller than 1 to 2 mm in diameter can 
receive nutrients by diffusion, but continued growth of 
the lesions is predicated on neoangiogenesis, which is 
regulated by complex mechanisms mediated by a bal- 
ance between proangiogenic and an angiogenic cyto- 
kines present simultaneously in the tumor and normal 
stromal tissues [22], VEGF is one of the most pofnt 
proangiogenic. cytokines, and secretion of VEGF by 
tumor cells may be sufficient to ensure neovasculariza- 
tion. The extent of neovascularization correlates wi'h 
aggressive chemical behavior in a variety of maligna*- " 
cies including breast or prostate cancers and melano- ■ 
mas; vascular density and VEGF levels 'in tumor tissue 
are significant, independent predictors of svsternic 
recurrence ana diminished survival in patients with 
stage I NSCLC. 

Although tumor dissemination, itself, does not re- 
quire angiogenesis, interruption of aneiogene^s 
should prevent the growth of metastatic deposits po] 
ihis is the basis of antiangiogenesis therapies usino- 
monoclonal antibodies against circulating* VEGF or 
VEGF receptors on endothelial cells. Another strategy 
to inhibit angiogenesis involves izi S azins oncogene or 
tumor suppressor gene mutations directly mrluencing 
VtGF transcription- through the use of Kerceptin ?n 
Dreast cancel patients whose tumors -overexpfecs 
eroB2, or potentially, by restoration of p53 expression 
using gene therapy techniques [10, 23). Our approach 



nas oeen to use a pharmacologic agent to achieve 
sinuiar enapoints while avoiding monoclonal antibod- 
ies or cumbersome, inefficient adenoviral vectc-; ih=; 
may have limited use in clinical settincs. Conceivably 
tiie m vivo antiangiogenesis effect of 17AAGA may b» 
more pronounced than anticipated on the basis of o«r 
in viuo data because this compound suppresses VEG- 
expression as well as MMP-9, another potent mediator 
or neoangiogenesis. 

Migration through Matrigel depends on a cell's 
ability to detach from a multicellular aggregate de- 
grade extracellular matrix, and undergo chemotaxis. 
The relative contribution of each of these phenotynes 
to cell evasiveness is not known. 17AACA-rnedia^d 
inhibition of cell invasion through Matrigel is the mo«t 
concrete in vitro evidence of the antimetastatic activity 
or this compound. B,e mechanisms' responsible for 
1/AAGA-mediated upregulaSon of E-cadherin, as well 
as inhibition of tumor-derived VEGF and MMP-9 se-' 
crerjon, most likely depend on the depletion of e -bB' 
or erbBl proteins and subsequent decreased mito«nic 
stimulation, via erbB pathways. This notion is "sup- 
ported by the fact that these effects have been observed 
in cancer cells after treatment with antagonistic mono- 
clonal antmodies against erbBl and erbB2 receptors 
DO, 11]. However, additional mechanisms unrelated to 
inhibition of erbB signal transduction may be reWant 
given the effects of 17AAGA on a variety of oth-r -ell 
cycle regulatory proteins; including Raf-1 and cydin- ' 
dependent kinase 4 [13]. 

17^7? t0X : idty pr0fiISS ° f S e ^namycin and 
1/AAGA nave been documented in small-animal mod- 
els; renal and hepatic toxicities are dose-limian* 
events [24]. However, the nanomolar concentrations 
required to mediate the "antimetastasis" effects are 
well below the maximal tolerable doses repor-d in 
animal toxicity studies [24]. Underlying mechanisms 
notwithstanding, our findings extend those pertainin- 
10 the antiproliferative effects of 17AAGA. These cur- 
rent data, together with our previous observations 
concerning the ability of 17AAGA to sensitize NSO-C 
cells to paclitaxel [25], provide impetus for the evalu- 
ation of 17AAGA in lung cancer patients 
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DISCUSSION 

DR ROBHRT J. KEHNAN (Pittsburgh, ?A): One of the things 
rhat struck me was the effect or lack of effect on normal honuTn 
oroncnal epithelium. Tnere were at least a couole of celj iines 
that seemed ro have similar erbS-l and erbB-2 egression to th- 
nopals, andyet there was no effect of your treatment on normal 
ussue. Can you comment on what the potential is for toxicity to 
normal hssues when there is expression of these ger.es j n 



pR NG lJYHN: i nank you. I am glad you brought ur, that issu- 

■ In tne two graphs that I showed where we used normal human 
Bronchial epithelial cells as a normal control, I did not show the 
eued or 17AACA. First of all, I can say that when the normal 
numan bronchial epithelial cells are grown for 95 hours in vTtro 
to reach confluence to mimic the normal condition in vivo, in 
wn^ch tnere are very few mitotic activities, treating th-se cHls 
with 17AAGA has no effect on their viability. Treating th-se cells 
with 17AAGA indeed .does decrease the erbB-1 and e-bB-? 
expression, but that does not affect cell viability: So we know 
from our experiments that this drug is not toxic to normal 
human ceils grown to confluence in vitro. I have not tested 
no^al human cells in terms of their ability to secrete MVP-0 0 r 

■ VHGFatall. ' 

m KEENAN: Sometimes there is differential gene expression in 
Lie metastasis compared with the primary tumor. Do you hav- 
any data on whether or not some of the antimetastatic e£f-c+ 
might be related to those differences in -gene expression and 
whether your .treatment might be more or less effective b-caus- 
of that? 

DR NGUYEN: That is a very insightful question. No, I have not 
looked ,nto all the phenotypes. That might contribute to it. Tne 
prometastasis" phenotypes evaluated in this project are those 
tnat have been shown to associate with or aciivelv olay a role in 
the process of metastasis formation, but not the m»^s^ s ; s 
deposit itself. _ 



DR JOHN R. BSNHHLD (Los Angeles, CA): Could you t-H us a 
o.t more about the ceil lines that you used? There is always the 
problem as to wn ether cultured cell lines for lung canc-r v>-i~h 
are hard to perpetuate, do in fact represent, what haDB-n. fc' 
lung, cancer in humans. What were the cell lines that you used? 

DR NGUYEN: Tne H4S0 is a large-cell carcinoma, the H322and 
CS! ! S *™ "onchcalveolar carcinoma, and H6S1 is a fa™. 
■ cell carcinoma. So they are all non-small cell lung cancer of 

cmrerent subtvpes. 

DR BENHELD: And they have been perpetuated for how many 
passages? Are these well-established cell lines? 

DR NGUYEN: Yes, these cells are well-established, availabl- 
rrom AiCC. 

DR BENKELD: Thank you. You alluded to the fact that you ar- 
reaay now for in vivo testing of the agent: There are at least two" 
ways m iwucn you could do that preclinical^. There are ham- ' 
s.ers, non-small cell lung cancer models that are rather well 
esfcblished (BenSeld JR, Malkinson AM, Schuller HM, Sunday 
ME. Animal models of lung cancer. In: Kane MA, Sunn ?\ I r 
eds. oology of Lung Cancer. New York: Marcel Dekk- W 
247-S3). The other thing that you might want to consider is 
placing some of the human tumors into nude mice, and th-n 
trying the agent while the nude mice are accepting the tumor." 

DR NGUYEN: Thank 
suggestion. " 

To be specific about what we are doing, we create either a 
tumor mass- in the flank or actually inject the H358 c-Hs 
intravenously via lateral tail vein^ of nude mice to create a 
metastasis model and then treat the animals at a difrer-nt 
ame point arter tumor cell inoculation with 17AAGA. So this 
is the experiment that we are carrying out risht now 



you very much. 1 appreciate 



your 



